Obstructive sleep apnea syndrome (OSAS) is characterized by repetitive collapse of the upper airway during sleep. Red blood cell distribution width (RDW) increases platelet activation and has been reported as an independent predictor of adverse outcomes in the general population and is believed to be associated with cardiovascular morbidity and mortality. We evaluated RDW, mean platelet volume (MPV), and platelet distribution width (PDW) as a severity index in OSAS and the relationship between carotid intima media thickness and pulmonary hypertension.
Background
Obstructive sleep apnea syndrome (OSAS) is characterized by collapse of the upper airway during sleep, recurring apnea, intermittent hypoxemia, and daytime sleepiness, associated with a decreased daytime performance and impaired quality of life [1] . It is a common disorder of middle-aged adults, affecting 4% of men and 2% of women [2] . OSAS is related with cardiac mortality and morbidity.
OSAS is associated with several cardiovascular diseases, such as congestive heart failure, hypertension, atrial fibrillation, nocturnal arrhythmias, stroke, pulmonary hypertension, and atherosclerosis [3, 4] . Carotid intima-media thickness is a useful marker of early endothelial defect and atherosclerosis development. Recent studies have indicated that OSAS is associated with endothelial disfunction [5] . There is increasing evidence that systemic inflammation markers such as high sensitive C-reactive protein, interleukin (IL)-6, tumor necrosis factor-a, and pentraxin-3 are increased in OSA patients with cardiovascular complications [6, 7] .
Red blood cell distribution width (RDW) is a numerical measure of the size variability of circulating erythrocytes. Disorders related to ineffective erythropoiesis or increased red blood cell destruction cause heterogeneity in size and a higher RDW [8, 9] . RDW has been reported as an independent predictor of adverse outcomes in the general population and is believed to be associated with cardiovascular morbidity and mortality in patients with a previous myocardial infarction [10] [11] [12] . Increased platelet activation plays an important role in the development of cardiovascular complications [13] . Several studies have reported increased platelet activation and aggregation in patients with OSAS [14] [15] [16] . Increased platelet activity is associated with increased platelet volume, which can be measured by larger mean platelet volume (MPV) and platelet distribution width (PDW). Large platelets are more adhesive and tend to aggregate more than smaller ones [17] . This increase in platelet volume increases the tendency for coronary thrombus formation in acute coronary syndrome patients [18] .
A few studies have examined the relationship between RDW, PDW, MPV, and AHI in OSAS, but their relationship with CIMT in OSAS is unclear. Considering the association between OSAS and cardiovascular disease and the overlapping risk factors, we evaluated RDW, MPV, and PDW as a severity index in OSAS and the relationship of carotid intima media thickness as endothelial damage with AHI and other sleep parameters.
Material and Methods

Patients
This prospective study consisted of 99 patients who were admitted to the sleep laboratory of our hospital with complaints of snoring, apnea, or daytime sleepiness and in whom polysomnography (PSG) had been performed between January 2013 and August 2013. Patients were selected consecutively. Demographic and health behavior-related data, including age, sex, body mass index (BMI), Epworth sleepiness scale scores, and medical histories regarding sleep habits and cardiovascular disease were collected from patient records. A respiratory function test, posteroanterior chest x-ray, and electrocardiography performed before PSG were evaluated, and complete blood counts were analyzed. Echocardiography and ultrasound examination of the carotid arteries were performed.
Patients known to have cardiovascular, renal, or hepatic diseases were excluded. Based on the AHI, patients were grouped into 3 OSAS severity categories: mild (AHI 5-15), moderate (AHI [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , and severe (AHI >30). As a control group, 26 individuals (ages 20 and 67) diagnosed with simple snoring were chosen. Patients were also grouped by BMI according to the WHO classification. Obesity, severity of AHI, and recurrent hypoxemia are the cardiovascular risk factors in the OSAS population. The study protocol was approved by the local ethics committee and all patients gave writ ten informed consent.
Measurement of laboratory parameters
Morning blood samples were drawn from patients after a 12-hour fasting period. MPV, PDW, and RDW were measured in a blood sample collected in dipotassium EDTA tubes. They were determined using an ABX Pentra 120 analyzer. The biochemical analysis CRP, ast, alt, urea, lipid parameters, and glucose were measured at the same time (Architect plus ci16200Ab-bott Illinois USA).
Polysomnography
Overnight polysomnography was performed with 16-channel Embla (Medcare Inc, Iceland) continuous sleep technician monitoring. The system consists of 4 channels of EEG (with electrode placements at C4-A1, C3-A2, O2-A1, and O1-A2), 2 channels of EOG, submental EMG, oronasal air flow, thoracic and abdominal movements, pulse oximeter oxygen saturation, tibial EMG, body position detector, electrocardiogram, and tracheal sound. Apnea was defined as the complete cessation of airflow lasting more than 10 seconds. Hypopnea was defined as a >30% reduction in airflow lasting more than 10 seconds accompanied by >4% desaturation and/or arousal. The average number of episodes of apnea and hypopnea per hour of sleep were measured as AHI. The OSAS diagnosis was made on the basis of an apnea/hypopnea index (AHI) >5. Sleep stages were scored following standard criteria with 30-second epochs and were reviewed and verified by a certified sleep physician.
Determination of CIMT
Bilateral common carotid arteries of the patients were scanned longitudinally with a 7-MHz transducer attached to the available machine (Vivid 3, General Electric). Images were obtained from the distal portion of the common carotid artery, 1-2 cm proximal to the carotid bulb. The 2 bright echogenic lines in the arterial wall were identified as the intima and media lines. The intima media thickness was measured as the distance from the main edge of the first echogenic line to the main edge of the second. All examinations were performed by the same physician. Images showing the maximum intima media thickness were digitally stored and CIMT measurements were made offline. The intima media thickness of the distal wall of the right common carotid artery on the lengthwise axis was calculated according to the method described by Pignoli et al. [19] . Each measurement was repeated 3 times and the mean of the left and right common carotid arteries was used for analysis. Plaques, defined as >50% localized thickening of the intima compared to the rest of the wall or as an endoluminal protrusion of the arterial lumen of >0.5 mm, were not included in the measurement of CIMT.
Statistical analysis
Statistical analyses were performed using SPSS 16 software. Continuous data are expressed as means ± standard deviation (SD). Statistical comparisons were performed using a 1-way ANOVA and chi-square test. Analysis of variance followed by Duncan's test was used to determine the different groups. To determine the relationships between these variables in each group separately, Pearson's correlation coefficients were calculated. PAP, CIMT, PDW, RDW, and MPV variables in patient and control groups were assessed and used in separating the cut-off value ROC analysis. Results were considered statistically significant when p value was <0.05.
Results
Patient characteristics
We included a total of 99 patients -73 with OSAS [5 patients 6.9% mild, 18 patients 24.7% moderate, and 50 patients 68.5% severe] and 26 simple snoring control cases.
The mean age of the OSAS patients was 50.84±11.0 years and 61.6% (45) were male. There were statistically significant differences between the 2 groups regarding age, BMI, and Epworth sleep score, but there was no statistically significant difference in sex distribution.
Clinical characteristics of the patients and controls are shown in Table 1 . The parameters in OSAS and patient groups are shown in Table 2 .
Controls were overweight (BMI 25-30) and patients were obese (BMI >30). There was no lung disease despite the history of heavy smoking in both groups. Patients more often had a history of hypertension (p<0.05).
There was a positive correlation between body mass index and Epworth scale. Mean values of MPV, PDW, and RDW were similar in patients compared to simple snoring persons in the control group (p>0.05).
In the patient population, mean RDW was 14.4 (±2.05) and RDW was not correlated with age or sex. Among other hematological variables, RDW showed an inverse correlation with mean desaturation and lowest desaturation. Body mass index, ahi, pulmonary artery pressure (pap), and desaturation time under 90% were positively correlated with RDW. PAP had a positive correlation with RDW and negative correlation with the lowest saturation ( Figure 1 ).
Discussion
This prospective study is one of a few studies examining the relationship between RDW, PDW, MPV, and AHI in OSAS. The main finding of the present study was that PDW, RDW, MPV, and CIM were similar in the OSAS and simple snoring control group. There was no statistically significant difference between control and OSAS groups. Among the patients there was a correlation between RDW and the severity of OSAS and pulmonary hypertension.
Our results revealed a positive association between RDW and AHI. Our study demonstrates a relationship between severity of OSAS and RDW that is dependent on inflammation and intermittent hypoxia, and independent of anemia.
We also found a negative association of RDW with average minimum oxygen saturation and desaturation time under 90% during sleep, which could be explained by the effect of hypoxia on RDW. Intermittent hypoxia is a trigger for the cardiovascular and metabolic modifications associated with OSAS [20] . A positive relationship between RDW and the oxygen desaturation index may also indicate the severity of OSAS. Sokucu et al. found similar results about RDW and OSAS severity [21] . In agreement with their results, we found a positive correlation between pulmonary artery pressure and RDW, and a relationship between OSAS severity and pulmonary hypertension. RDW could be used in sleep laboratories as an indicator of pulmonary hypertension in further investigations.
Varol et al. and Nena et al. reported that levels of MPV were significantly greater in patients with severe OSAS than in patients in the control group and patients with mild-to-moderate OSAS [22, 23] . In contrast, Beyan et al. concluded that platelet markers should not be used alone as direct indicators of platelet activation [24] . According to their results, large platelets did not show stronger activation in the aggregometer. Also, platelets shape and volume are variable, even in healthy persons. Our results indicate that patients with severe OSAS do Table 2 . Parameters of biochemical analysis of OSAS patients and controls.
Variables expressed as mean ±SD; RDW -red cell distribution width; PDW -platelet distribution width; MPV -mean platelet volume; CIMT -carotis intima media thicknes.
2202 not have significantly higher MPV values compared with controls and mild-to-moderate OSAS. The lack of difference between OSAS groups reduces the importance of platelet markers. Due to contradictory results on this subject, further investigations are needed.
Thickness of the common carotid intima media (CIMT) has been used in the assessment of endothelial function [7, [25] [26] [27] .
Increased CIMT is correlated with cardiovascular risk factors [28] and severity of coronary atherosclerosis [29] and predicts cardiovascular events in populations [30] .
According to European Society of Cardiology (ESC) comments, a common carotid artery IMT >0.9 mm can be considered as a measured estimate of actual abnormalities [31] . Many hypotheses have been recommended to explain endothelial disfunction: Oxidative stress seems to be a cause of endothelial deterioration in OSAS patients [32, 33] . Hypoxia is a part of the illness and causes real damage to the endothelium. OSAS leads to sympathetic nervous system hyperactivity, a condition that can stimulate early alterations in the vascular morphology and countering the atherosclerotic process. Literature data suggest that carotis intima media thickness is evidence of early alterations in vascular morphology [34] . This is not synonymous with atherosclerosis, but because the underlying pathophysiological mechanisms are similar, the 2 conditions have been associated [35] . Ciccone et al. found a positive relationship between IMT and OSAS duration [36] . In the present study we did not find any difference between patients and control groups regarding CIMT, probably because the duration of osas symptoms was short.
Many studies suggest that OSAS originates from pulmonary hypertension. A major cause of PHT and cor pulmonale is chronic hypoxia, which leads to pulmonary arterial vasoconstriction and a cascade of molecular and biochemical events resulting in vascular smooth muscle hypertrophy, and intimal and adventitial thickening. In the present study, the average saturation and the lowest saturation were negative correlated with PAP. The time under 90% saturation was not correlated with PAP. There is evidence that CV homeostatic mechanisms in subjects with OSA are disrupted, as demonstrated by daytime abnormalities in sympathetic nervous system function and heart rate variability [37] . This means that at the lowest saturation, the sympathetic system is more active; thus the length of desaturation is not as effective as the lowest saturation on PAP.
Ages and BMI's were different between the study subjects and the controls. There was no correlation with age and all parameters, so this condition did not affect the results. One of the weaknesses of our study is that we did not have markers of inflammation, which could affect RDW values. Also, RDW could not be used as a screening tool in the general population according to our results because it could be affected by various independent variables.
Conclusions
Our study showed a positive relationship between RDW and the AHI and systolic pulmonary hypertension in patients with OSAS. The association between elevated RDW and the severity of OSAS in the study suggests the clinical utility of values. We showed that average saturation and lowest saturation were negative correlated with PAP, although the time under 90% saturation was no correlated with PAP. Patients with prominent low saturation should be considered for further investigation for pulmonary hypertension. Prospective, randomized, controlled studies are needed to assess the association between these parameters and OSAS.
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